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! : We c^strudfed a chii^fe eDNA : dorm of hi$te"C encodes trie 

poJyprotetn of a gwiotype 1t> strain (HC-J4) of HCV and replicates via 5' and 3' untranslated regions of a genotype 1a strain, 
THe lntocUWty.of ihr^.fuli-fength cONA clones was tested by.olriect.:fliJe««on of RNA transcripts Intq the.Kver of a 
crwripanzee. The ch^nparttee became tweeted witfi HCV and tfW viral titer, increased over tfrW from 10* gewrie eo^ivatents 
(GE)Anl at week 1 poslboculatiDn fpi) to 10 4 -10* G£/mJ duririg Weefcs Antibodies to HCV were detected from Week, 



the .cWmparHree demonstrated that Ofdy one of the three, clones was Infectious, Sequence comparisons with the .cloning 
source, an acute-phaise mfectfous pfesma poof derived from an expe>imente8y. infected chfmpahzee, showed that this 
infectious clone had three arnirto acids that differed from the consensus sequence of HC-M.' whereas the two noninfectious 
clones had seven and nine amino add differences, respectively. Together, genotype 1b, represented by the Infectious 
molecular done described herein, and genotype la, represented by the two cONA clones previously shown to be Infectious 
for chimpanxees, account for the rhajoray of HC^.Infecttohs In the United: Stateis, Europe* and Japan> , © rm Ac**** 



INTRODUCTION 

; HepatitisC virus (rHCV) is a major cause of chronic 
liver disease (Houghton, 1996). More than 80% erf Indi- 
viduals infected with HCV become chronically infected, 
with about 4 million people infected in the United States 
{Alter, 1997; Hoofnagie, 1997). Chronically infected indi- 
viduals have a relatively high risk of developing chronic 
hepatitis, liver cirrhosis, and hepatocellular carcinoma 
: .(Hoofhagle. : 1997). Th4 oniy.effective therapy for- chronic v : 
hepatitis C interferon (I FN), induces a sustained re- ". 
sponse in. less than. 25% of treated patients (Fried and 
• Hoofnagle, ;i995}/.Conseque^^ HCV is currently; the 
most common cause of end-stage liver failure, and the 
Treason for about 30% of liv^ bransplantsp^xmed in the 
/.United. States (Hoofnagle, 1997). There is.no vaccine for 
HCV. Although Uie number <^ acute HCV infections has .: 
declined; in part because of effective saeening-bf blood - 
hj\6 blood (xor^cts.; it is estimated that there still;: 
rhore than 25,000 -new inf^ibqs yearly ; in - tifie United 
;States {Alter, 1997). Thus: HCV constitutes a;; Serious : . 
public, health proWemJ 

^H^atftis G viruses . a= p&itive 0 
iRNA genome andqs;^ member crf;the vlfiis : 1amj^F»ayk'-' 
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viridae (Choo etah 1991; Rice, -1996), Theviral genome of 
. approximately : 960Q nucleotides (nt) consists of a highly 
conserved 5 f untranslated region {UTR), a single tong 
open reading frame (ORF) of approximately 9000 nt and 
a complex 3 f UTR- The 5' UTR contains an internal 
ribosomal entry site, (Tsukiyaroa-Kohara et aA, : 1992; 
Honda er a/.,. 1996)/ The 3' UTR consists of a short 
variable region, a polypyrimidine tract of variable length 
; and, at the : 3' .encl a highly cohseived regioh of approx- 
imately 100nt(Koiykhaiov etat, 1996; Tanaka etai;, 1995. 
1996; Yamada et ai r 1996). The last 46 nucleotides of this 
conserved region were predicted to form a $table §|tem- : 
loop structure thought to be critical for viral replication 
{Blight and Rice, 1997; ito and Lai; 1997; Tsuchihara etaL 
.. 1997).;: The ORF encodes a larr|e pplyprptetn. rxeaiirsor: : 
that is cleaved: (hid at least lO-prcieins by host and I viral 
^ proteinases 1 (r^ice, 1996), The predicted envelope pro- 
, -teinstcontain several -conseryed. N : linked glycdsyiation;. 
: sit^s and Cysteine The 
NS3!gene encodes a .^rine^ RNA 
; Jheiicase and^^ : 
*;vdem^^ ; M::§' : 'y 

T^ipteily "six m^br|HCV; gein^pes- (^TOty^i;1-€) * 
and:m : ultipj^ c,| cite.) h^ye bieen identified :: 

; (BuVch; ier ^ ^ ^1 993;|%i irnmi^idEs ; ef V vs^^ : = i 993), ^e^most;: 
; : di>fergent H^f isot^t^}<«^ ; frp^ \ 
i: :than 30% oyer the entire genprn^;(Qka 
it Inf^iori wiPTf^TOt^e^ a/J-| 
■:■ 1995)! in ^e' Uni^Stetey 1 a^an|. ; 1 & 

i;'<^ns^e : i^ ir^ctionsj;^ 

>:;::|:!^^ V::. : 
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Imay-be^ 

was ^a^6ciated withmorerse^ 

1^7) rand- a;poorer re£pohse : to I F^t^r^py : 

quences oT&e ge^ .stfii;^ 
unclear,.. r -'^i-;. ; 
vy::|HCy: circular ,individuai^as : a^uqsi- :: 

^.spwies o^clbsaly related geBomes v (Sukh 
. Farci :et a/., : 1997), ^e gene^ is ; . 
^pt|distiributocl uniforirrtiy throughout;^ is? 
^n<56n^^ ;hypervai1able ;fegioh:::i ,;|(HVRi) ,at trie 
. aminb^^^ (Vteine^et a£ 1991; H|jikiita : er v 

a/v ;1991);; The HYR1 . region :cOTtaIns aVneufratizetion 
epitope (Farcj ef 1996; Shimizu et a/.; 1996) and the . 
amino acid sequence of HVR1 can undergo sequential: 
changes during infection, probably resulting in : escape, 
froni immune surveillance by the host and establishment 
of persistent HCV infection (Weiner er aL 1992; Fare? et 
aL .1997). A second, hypervariable region was identified 
Jri E2 (HVR2)but only, in genotype, lb strains, of HCV 
(Hijikata et aL 1991), The quasispecies nature of HCV 
might also Impact the severity of associated liver disease 
. and resistance to IFN treatment (reviewed in Farci.et aL 
1997). 

Hepatitis C virus infects some continuous human T* 
celt, lines in-. vitro (Shimfzu et al, 1992). but replicates 
poorly jn such cell cultures. The chimpanzee is the 
only nonhumah host of HCV (Farci etaL 1993),; but Its 1 ; 
availability is very limited. This lack of a convenient 
animal model or an efficient in vitro propagation sys- 
terrvhas made it difficult to study the virologfcai: char* : 
. acteristics of HCV or to develop antiviral therapies and 

.vaocines:;-^:'' " '.■ ■■^ZJ- :' : -/'. : /; : v k> * j£hJ?:-.. 
". : : Recehtly two research iyoups ; Jridepend^t^ 
structed an infectious cDNA clone, of dtraln HIT (geno- 
type*; 1a) <^.HCy.{Kolykhalbv et>/. 1997; : Yanagr er a/.,. 
:1997), In both : studjes» RNA transcripts : en^ding ithe< 
consensus amino acid sequence of the putative: polyp^or. 
tein ' were jn^tops^ for; chi mpanzees; wherei^s; •. those 
eropciing a Hot 
ijnf^ 

:ahd pathogenesis and should ^ 
,:fqr; development cfcln. v^:r^lic^ = propagation ; 
; f^t&ms;; Hbv^^gi^n^e : extensive genetic hetero^ 
geheity pf ;HCV it wilP probably be important ;tp have;, 
^infectious; clones 6f ; more:^an.-bne.:^ 
iti^ 

f strains h^;bieen jpubiish ex^fieric^^ 
;i$hat;; it ; will ^ejdii^ c^|^; infet%us 
Fjrsiv ^j^;y tra I q i^sisj^^ ies possib^ |ncludi| a }pf o^rtioh) 

.;samp^^ -^tients in-J 



'■• RI^Theri^^ 

pcatibn ; '6f .: y irai RNA ty;reve^ 

: : PCf^<^ ; 
• j^mlfihe viral ^nom^s;^ it 
y '^ti^-^eserx ^uSy,;:jyre 

fquehce^ analysis ^.tHe ;:j^^J4 Istraih -pfjgen^pte' ipj 
■^at had been blolog : ih : ;a .^chimjpianiee 

. ahd:<ibhstfud^ cpNA;clone by, 

^strains 



InfojaYc^ 

untranslated regions of. an infectious cion&;bf '.a. : geno- : 
^pe ja : : strain;;';; ; ;: . ^.y.v ' -\ 

Quasispecies of strain HC-J4 in the infectious plasma 
pool used as die cloning source 



. HCV.had been obtained only after the ORF was engh 
neered toencbdethe consensus pplyprotein (Kotykha- ; 
tov et aL .1997; Yanagi et aL 1997). Thus, prior to 
constructing an infectious cDNA clone of a 1b geno- 
type, we performed a. detailed .sequence analysis of ; 
the cloning source to determine the consensus se- 
quence. A plasma pool of strain HC-J4 was prepared 
from acute-phase plasmapheresis units collected .frpm 
a chimpanzee experimentally .infected with HC-J4/91 
(Okamoto ef aL 1992b). This HCV pool had a PCR titer 
of 10 4 -10 5 GE/ml 'and an infectlvity titer erf approxi- 
mately 10? chimpanzee infectious: doses/mi (8ukh et 
aC unpublished data); 

We determined the heterogeneity of the 3' UTR of 
strain HC-J4 by ahaiyzing 24 clones of nested RT-PCR 
product The. consensus sequence was identf cat to 
that previously (MJblished for HC-J4/91 (Okamoto. et aL . 
1992b), Wcept.at position 9407 : (see. below)* The yari- 
abier^giwebhs^ hudieoUdes(nt 937249412)/; 
including two in-frame:. terminatJoh codons. Further- 
more/ its -sequence . was : : highly Conserved ;excjept at 

jpd^itibns 5399 (19]A:^ 9407,(17 T . 

arid 7 A clones)* The: ^ly(UrUQ 
in : .cdm|>ositipn and greatly irijjehgth :(3i-162i;nucleo- 
tides); In the conserved f^ian* the first 16 nUcleoticles 

: ,or.22 : ;c^ to 'tftbse previously^ jpub- 

iistied foriother genoityipe V strains, whereas 2 :clbries 
eacH;had : ^;;:S^ mutation. Tl^es^ jdata ; stigj;.'; 

gesi^y-thatihife structural organic 

. HC-J4 was similar to thatof our inf^ 
genotype Ta-straiih/ W-K li^\SiM.'% ^§ 

x : ./:.yfeY 

yfbu^^ 



}: si^pf : :a:;HCV:ca^t^ 
: ! ah^3ite^in^ i a .^hagi 

!:; : eve^^;werei 



mi- 
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FIG;; : T ^ang«e gei;of-.j6ng RT-PGR emptor's trar^^tJim : 
ntfxtu^ Molecular weigW'maf^ 

lanes 2= and .3; RlrKR ampiicbitsof the entfre.QRF of W-M.; line:5; : 
pCV-H77C ^ahscriptkm<iomrbl (Vsnagi ef a*. 1997); Lanes 6^:'l/40of ? -: 
each transcrifaton mixtijtre of pCV-J4L2S, pCV-MWS, and; pCV-J4L6S f i : 
respectively which was injected imp the cftinpanzee. 



■ fpre/"ywe v : separately subdloned = into pGV; two genome- 
fragments (L and $).derfved from the IcwigRT-PCR prod- 
ucts (Fig^ 2}, 

, To determine the consensus s^uerice of the ORF we . 
sequenced nine clones each of the . ^fragment (pCV-J4L) 
and of the S fragment (pCV-WS). We found a quasispe- 
cies ar 275 nucleotide (3.05%) and 78 amino acid (2,59%) 
positions, scattered throughout the 9030,nt (3010 aa) of 
the ORF (Fig. 3). Of the 161 nucleotide substitutions 



the codon and 72% were silent 

Each of the nine L clones represented the near-com- 
plete ORF of an individual genome, The differences 
among the L clones were 0,30-153% at the nucleotide . 
and 0.31-1*47% at the amino; acid level (Fig. 4), Two. : 
clones, LT : and 17, had a defective ORF: due.to.a single 
nucleotide deletion iand a single nucleotide insertioa 
respectively, Even though the HC-J4 plasma pool was 
obtained in the early acute phase, it appeared to contain 
at least three viral species (Fig. 5), Species A contained 
the LVL2/l6^^^ 

-arid: L10 clones, and species C. the If clone. Although 
each species A cJone.was unique; :|a|l A clones differed ■ 
from all B clones at the same 20 amino acid sites (Fig. 3), 
At these, positions, species : C had the species Alse- 
queried at 14 posiOonsiand the. species Bisequence at.6 
ppsitipris;(Fig. 3), ,^; : l>.:$ ■■ . - - : : ';• 

. : Okamdtb and co^rter^^Minioto 'etat. 1992b) ^ pre- 



susj-s^uen^ HC-J4 in -^cute-phase serum of 

the : first chi^^ as in; 

civOTiCrpftaM ^&m collected 8,2 years %w (HC;W ) ;-i 
In ;add i tion^tftey determined : the sequSfice of amin^'ac* 
ids:37|f :: to?413 : (induding -HyRl) ar^ amiTO acils^Mjto.; 



;^HC§»/91; ^igiiP)!^ | 'WfW^ 

The; difficulty of-, determining the : cMsotsSjs : sequence - ■ 
■pf HC^^ 

}Vifef : itefenri nucieo- : 

tideS^S^ 
appir^^ 

ninelciones pjF . tfte^; tprigi RX"^*^? 1 ? ^ product- ln-tKe|d&er .; 
approach theiprig product" was reampllfi^-t^; 

: PGR ; : !^ sequenced ; 

d i r^t^. ::The ; two tonsensus' 1 s^uences, differed .at .31- 



mcAp^e^a/.;- . l992b)lVfe . found ■•/$at|toe : ^ 
individual^ ^jasma-fM^ . 

chlrripari^el HQ^/SN 'werelalll,"mdre- : 

ctosefy^ ^F^;^4: ; ahd| 
;" 5) ia^|<^ :|acid^ ;■ 



3010 deduced amino;^ 3). : At all df = 

these positions a, ™$ 0T quaslspeciels ibf : strain HC44 
was found in the plasma pool. At 9 additional amino acid 
positions the cloned sequences; displayed heterogeneity 
and. the direct sequence was ambiguous (Fig, 3). Finally, 
it should be noted that there were multiple amino acid : 



direct sequencing was identical to that obtained by clon- 
ing and sequencing even though a major quaisispecles 
was detected (Fig: 3). . + 

For positions at which the two tonsensus" sequences 
erf HC-J4 differed, we included bQth amino acids in a 
composite consensus/sequence (Fig, 3) ; However, eve** 
with this allowance; none of the nine L etches analyzed 
{aa 1-2864) had the composite consensus sequence; 
two clones did not encode the complete polyprotein and 



sequence by 3-13 amino acids (Fig; : 3). 

Chimeric full-length cDNA clones containing the : 
entire ORF of HC-J4 

Three full-length jcONA clones were constructed - by 
cloning different L fragririents into the AvAI/0g/ll site-pf 
: pGV-J4S9^; the cassette; vector for; genotype l a (Fig. 2); 
which also contained an S fragment encoding the con- 
sensus amino acid sequence of .HCrM/Therefwe,. a^ 
though the. ORF v*as from strain Hp-J^ mdstof the .5' and 
. 3 f : tenminarsdgu fromstraln H77 ;(Yanagi 

. etral^ 1997}; As a re^ltthe 5' Shd 3';UTR : were chimeras . 
: of'genotypes ^ia ^ ai|^ : :1b{F!g' 7); The first 155 hucleotid^^ 
: dfx the. 5' UtR yvereTfrbm strain H77 genotype la):; and 



1b)-it; j riucii^idib^.'12^13;. 34,::.and 35, In two ■ 'clones* 
; (p^ : ^e:;Ve^^/^ UTR h^^ther 

;:Cpns6ns^; : s^^ tte'thiodf clp^ 

;207|lri;;|l^ clones ; the ; fir^;;57 ^ nucte^tdes ' of the ^3 ^ ' 
^yanabie region o^|^ei : .3': : :yT^^ . ^^h -jdie^ 

l|dfs^sC© s^wce;^ 15; rwc;Je| : 

idSddsiof lh^^ region; the 
;^^';-;cc«Mr^ 



iffUTR:;; 
:;:(341rt); 



li^^0^ii^Hi^ii of h^W^ 



;-' : f<-;2»rt)| : : ff 
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;-Ui^firfc«, 




pCV-J4SS 1-9 




pCV-J4L6S^nf«Jttott«c$on») 
pCV-44L2S (HofUntoctious clone > 

*. f iG.-i Strategy for the conswicUonW HOR Trie long PCR products were as wo senate fragrr^te. 

r (Lend S) tntd a cassette vector: (pCV) with fix^d 5' a^"3';^(ni of HCV pfenagi et a^;1997K FufWength ^ .^NA ctohes of HC-M were.. obtained by 
inserting the L fragmem from 1 ttveepCv-J4L done? into three Identical pCV-J4S9 dones after digestif *m\PinM Osoischizomer of Age® arid BgAI. 



sequerWe asaniin^ioUs.clone 6fWain : H77^ et 

■Nbne of the "^ee .fulMeii^. clones (of HCV^i^S.^J; 

^pGV^HLfiSx^ acidxhanges: Qf 

! f<* R at posi«6rl : 231 (El); j V for A at position 937 (NS2}. -; 
and T fcM- S at !jposftion 1215 {NS3}. ^ 
I had;:s^n amiro : ^ JrKiuding a <^ariig^ at 

: p»itiOT |45P 2)K ^ri? r^ate^i ; v; tiil g ly . .^r^iryed; ;: 



li^teinelresidue 

: :: : 1992a),:;|:|^ 



;TransfectiOT!^ a chimpanzee a : ; : : ;:|i:'' 

■< V^^^ci^ie lnfe&ivjty : df RN^s^nscnpts frbm;the : 
: three cftimbffci^ simuftar^usfy; jn.a.chinv 

;;p^n^;fr|f 

= :: fra£^re& jt>y increasing Wxs of 1 0| G|E/mi .at weelc -llp^ 
|week^-3 ■ tplil T p i:: (R^9) jTKi^^c^fmp^n^ 
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this study), HC-J4/91 {Okammo ec «0992ty and HCJ4/83 (Okahioto ef a/ v 1992b). Deferences among species A sequences and among speoes 8 

sequences >am;sJ»a<(eick;;: 



proof) and antibodies to HCV were detected (weeks 
18-20 p.!.}- Serum liver enzyme levels were withtn normal, 
range throughout follow-up. . 

- To Identify which of the three fall-length HC-J4 clones, 
were infectious, we cloned and sequenced the NS3 
region (nt 3659^4110) of HCV genomes amplified by 
RT-PCR from serum, samples taken frdm the infected 
chimpanzee during weeks 2 and 4 p± The PCR primers 
were a complete match with each of the original three 
clones. Thus, this assay should npt have preferentially 
amplified one virus over .another* Sequence analysis of 
2t and 24 clonesdbtained at Weeks 2 arid: 4 pX, respec* 
lively, demonstrated that all originated from the tran-. 
sdrlpts of pCV-J4L6S. The consensus sequence of PCR 



products of the : nearly complete gehome (nt 11 T 9441), 
. amplified from serum obtained during. week 2 pX, was 
identical to the sequence of pCV-J4L6S and there was no 
evidence ofquasispecies. Thus, RNA transcripts of pCV- 
J4L6S, but not. of pCV~J4L2S or pCV-J4L4S/ were Infec- 
tious in vivo. 

The chimeric sequences of genotypes la and 1 b in the 
UTRs were maintained in the infected , chimpanzee. The 
consensus sequence of nucleotides 11-341 of the 5' 
UTR and the variable region of the 3' UTR; amplified from 
serum , obtained, during weeks 2 and 4 p,l; had the ex- 



7). Also, three of four clones of the 3' UTR - .obtained at 
week ; 2 p.h had;the chimeric /sequence of the variable 



Nucleotides 156*935 of HC-J4 



L L1<A)- 
r -L2(A) 

HOW 91 




LtD {B) ; ij, 'I 

U(B) ;i 
HOJ4/83 ; 

HCV-BK 1 



JMni acids «864 of HC-J4 



J 



L9{A) 
tl(A) 

ir-i2W ; 1 

V4(C) 

,;;::^; ; U : (B)fV:; ? 

j£lT^ : i:io 
I : jic^w ■ 
— «€vi«c :: ' 



-X. 



i : : pjp3 : :: - 0X12. W^\P' ^9^^ 



J 



BC-a4L2 (A) : 
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8C~J4/9X-27 
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from «ri early acute-pfiase. plasma pool of art experimentally infected chlmparwee were compared with the sequences of eight ctehes 
trough HC-J4/91^7 ( Okamoto et at, 1932b) derived from ihe inoculuiu Dot an amino ackl identical to that Jn the top line. Capital tetters; amino eckJ 
different from that in the top ltne» 



r^ioa whereas a single substitution was noted tn the 
fourth done. However, in all four clones tfie po!y(U) 
region was longer (2-12 nt) than expected, A!so ( we 
observed extra C and G residues in this region- For- the 
most part the -number:. of C residues. |n : die poly(UC) 
region was maintained in all clones, although ^ spac- 
ing varied. As. we showed previously, variations In: the 
number of U residues can reflect artifacts introduced 
duririg : PCR ampHflcattofl (Yanagi et ah . 1997), The se- 
quence of. the : first 19 nucleotides of. the. conserved re- ;: 
gjon ! was; maintained in ail four clones^ Thus; with thig : : 
: exertion of the poly(U-lX;) regiw; the genomics ;se- 

" Were;;: 



exactly those of the ;chirha*ic infection ckHie.; 

■ ,:;n:?Discussi6N--;!:::* 



.: infefCtious; for : : chimpanzees Were "recently cot 

; (Kolykhalover ^;:i|997; >5anagi ^ ;1997), Botih ri these; 



which ls}^ehq^e^1|.:':yi/e used:the7ca$sette y^*^^ 
d^lpr^ito cldrw^ra H77 tpjrohstrud ah ^r^oiis^ 
cbNA'-cjbne o^inirig^the ORr^ -pT; a second 
Thi^ 

is ^ ;cpmposed mostiy;;6f g^K)lype^1b s^ui^%;teni| 
: Strain iHC^Jf Tj^ enr^ 
J|rKJlljb:sl^re o^lyra^iS^%;lde^ 
^^ : r^^l(Bnt!^i^^ of:/ HC^ ,^|^^ 0 ft ^tej* <%5tsteffi^ 
{Europe^ iMd JapSffi f he 8^ : 



representing two . irnportant subtypes of genotype 1 
should provide new ways of study ing this vfrus. 

There is no effective in vitro propagation or replication 
system for HCV* Thus/ the infectiylty of. HCV clones lias 
been determined; by .inyivo transfection; viral .nucleic 
acid is injected directiy Into the liver of a r^impahzee. 
The previous transfection protocols had required lapa- 
rotomy (Kolykhalov et*! :4 1997; Yan^gl et aL; 1997), vyhich 
can te perfumed only, once per ^himai/ln the^esent 
study/ we. demonstrated that~= tfieiV/Z/J ; vM>ftrari^eci4ion -. 
cpu!d; be pdrfpm^ by uftra^iind^uided p^cuteneous ;; 
j^frdi^l^c'ir^e^ml^ Claire: Waj6u^ 
jThfs less Invasive 1 prbbedtire shoiJd facilitate 
•studied of cDNA'Ciohes of>HCy\ir^-cWmpanze«j since 
Yr^rcutaneo^s fir^ can te.perforrro 

V^i0^rtwi^^^fiM RNAi^nknpts ^prei^PNA . 
lixlpn^ ptHC^^ two other clones di^r|^ 
■Oi^ irtf^ous in wVoifWe* 

Ur^i^ted; tihe same ^amount : cfA. cDfslAf and . transaiptioh 
Z mi^u|^:jbr each off the .clones; ^ig;^l| so theifaflur^ tp 
:^h(^a : w^'nr^ insumciei^iR^ \^ X^f P^!^^ 
twb : > : repr^" onlyittesex; 
ciories*: engin^er^f:^^ ^de^ir^em^ 
minied anb-;s«g^ 

quehce of j tite ^lyprbtei ri or : ^a i n ?H77 :!Wetre I. infectious . 
. (Kqlyktelcv^ 

r^:in^jp^;p^ 



'm: 



5' Untranstet d Region k]-M^.$- : Ww^M. • -'i^^^M^'h* i M^WSl, ^^^M-'" IHiil^ 

■BC-Jf; ^kVti&MQCaw' TOCCTC TT Q OATGAACCCG CXCNtt«^ 

..: pCV**lf77C . 2 v » v* . • "« ♦ * » : : .':*,. : «A ;'•«.♦ »::.;♦>'« « ♦'» «; ►;«'♦.»'« ♦ »"«.♦'♦ • ♦ ♦ .■•♦"»'• :*"«'♦ Ay ♦ »":; ; , > ; * *- - «:*,» «**••? '♦>■• ♦> ? • !; : 

pCV^^AIiCC! I * • ..»■•»••»**.■•-. 



S' Untrinstafsd Region 3.^^ ^ poly b-uc wstoo : yconswwdmgton . 

: it'GiUWCOWWA GCIAACCACT CCAOGCX^T JUJCCC^-C CTQ V P«Xy (0*OQ> n . -—OGTCGC? OCMCTIW . 

pC^-J4fc68w.»w,v... *'»iX« : .. iA,.^X>T». ... Poly <o-XJC) B1 aa«. ' 

PCV-K77C ?,*,.C.W.C .A C-C-!Pgg. ... Poly (a-OC)si AAT 

: , yconaenwd region (cont) : ; : : . : :,. ; ^ 

951* ' • ■ ; : • ■ : ■- . * " ' • ■* ' v : - * : • . • ; 

877 rCOCTAGTCAC CGCtAfiCTGT CAAAOGTCCC TGACCCGCAT GMCSGCiUSSWC ACTGCTQAZA CtGCCCSCTC TCCAfiftXCAX Gt 

|>CV-J4I»6St * : 

jiCV-H77C . - . * » i 

FIG, X Alignment of ihe 5' antf the 3* UTR sequenced of infecticw^clooe^or genotype ta (pCV^H77C) arut 1t> <pCV : J4L6S). Top. tine: consensus 
sequence of the indicated strain. Dot identic with consensus sequence/ Capital letter: different from the consensus sequence; Dash, deletion. 
Underlined: PinN and 8m cleavage site. Nun^ir^ ccfrespon^ 



at unpublished , data) and thereEfore did hot ; : represent 
siri35tantial differences/In ttie present study we were 
unabte to define a single consensus, sequence of strain 
HC-J4,; because the consensus: s^uence .obtained by 
two different ; ap^oa<^es : : (direct ..sequencing and "se- • 
quenclng of cloned -fxciductsj differed at 20 amino acid 
positions^ieven though! the same genomic PGR product 
swasi 



from the? composite : amino acicf cwsensus. sequence., 
from the sequence of the eight additional HC-J4; clones 
analyzed in this study, and from published sequences of 
earlier passage samples. Ao;addkional . amino, acid dif- 
fered from uSe composite con^nsus sequence but; was; 
found in-tvyo otherj HC-J4 clones ;anaiyzed in this study^ 
The tyyo ^infertipus full-tengtH clones of HC-J4 dift^ed . : 
from the iccm^ ^ and 
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1 FWilfcCo^a^^ fuil^^ : c1WAc)ones V HW^nHC^with ^ consensus. si^uenw(se^ 

^iTO;acjd ^ah^!^I^si|^ lines: ^ent mu^^i^Cij^ were 'nW 




in 



FIG. 9. C^rsVonnfectlw with hepatitis C. virus (HCV) in chimpanzee 



(strain HC-J4, genotype lb). ResiiRs.of qualitative KT : nested PCR.for. 
;:iHGV^RNA : :(fi»€kJ-recter^ 

'swnd-generatfon EUSA test for antf*HCV |(+) positive; (-} negative) 
are shown. Serum levels of alanine afrtnotiransferase;(AlT; shaded 



plotted against time- 

9. amino acid differences. However, since these clones, 
haidthe same termini as the infectious cibne (except for 
, a single nucleotide Insertion in the 5 -.UTRof.pCV-J4L4S) # 
one or more of these amino acid changes in each clone 
was apparently deleterious for the virus* Although we 
have formally demonstrated for the first time that HCV 
pofyprotein sequences other than the consensus se- 
quence can be infectious, our data confirmed that devi- 
ations from the consensus sequerice are often lethal 

The genome termini must interact with the viral poly- 
merase during initiation of viral -'replication: ,'Since* the 
amino acid sequence of the putative RNA-dependeht 
RNA polymerases of HC-J4 and H77 varied by more than 
. i0% it was not obvious that the polymerase, of HC-J4 
would be able to replicate a chimeric genome containing 
portions of the H77 termini! ;The 5'; UTR sequence of the 



of the originai. genotype lb virus at 5; nucleotide posh 
tions, all close to, the 5' end where they might; be ex* 
pdcted to affect RNA replication 
infectious clone/ the 3' variably se^ 

. and represented strain H77;tather:than strain; HC-J4 in 5 

[■ of 42' positions. Tjtujs, = alth ough; the: : 3' ; yari 
was -hi^iy conserved wllhin;:HG^tt}is tstfajn-spieiciflc : 
sequence : was ;npt critical •: for irepHc^tion by jl; the ; HC-J4 

; pbjymer^ '. we ;foui&'j^ ^C^K 

■; like other> strains of gehotype^l b:(K^fyj^atoy :^a^ ^996; 

i^ainaka a*.; 19196; Yfer^^ P^ 1 ^ 

iiUC);^ 

Wiloife 



j^a ;:^gf>if*cant ^ effi^t j on ■ virusi replfc^(^.|ph : 
: ih&i^!$^ .the-: j^Vj^rofr^^ 

^vioui^y shown to be idehtibai: ambr^ ■ oj^r %ra1 

|iS : 19^; Trtus: u^e of the cassette \%tw^ouW not alter 



^reinSfea] ^pie^^fTriis . s?^ 

; time that |it ; Is pos^bieVib ^ mal<e ; Infec^ods; ; viruses cpnf : 



;:;.ty^ 

;ifhe.;>^ ih ; tte : ^rty;j^ 



j /zees {Bukh:er;%:uhpubliste K6iykha!oy;;ef a/,; 
;: 11997; Yanagi e£ afcVI997)* Two chimpanzees frifec^iski vvlth 
; the recbmbirw^ virus developed, hepatitis {Bukh ei 
af: 4 unpublished diita^Wh^ infected 
. with the recombinant HC-J4 yiriis; in the. present study 
■had no. biochemical evidence erf hepatitis:; ; ft is,,vveU, 
known ttiat bid<^ical variation exists and some; ji^im* 
payees inoculated with HCV either lack or develop 
^minimal eviderrce of hepatitis even though;^ the .same 
inoculum caused; disease; in other:-; animals; Thus, the 
phenotype of the infectious clone of .strain HC-J4 can be 
determined only by transfectfon of severaj chimpanzees! 
. The chimpanzee transfected in the present study was 
chronically infected vyith hepatitis G virus (HGV/GBV-C) 
{Bukh ef SJU998) and had a titer of 10 6 GE/ml at the time 
of HCV transfection. Although HGV/GBV-C was originally: 
believed to be a hepatitis virus, it does not cause hepa- 
titis in chimpanzees (Bukh et aL, 1998) and may not 
"replicate in the liver (Laskus et aL 1997). Our study 
demonstrated that an ongoing infection of HGV/GBVC 
did not prevent acute HCV infection in the chimpanzee 
model, .=■/•=• '.,' ■■':/.■;■ ' j : " ' y-v y : : 

in two previous studies it was reported that RNA tran- 
scripts from cDfsIA clones of.HCV-1 (genotype 1a) and : 
HCV-N (genotype 1b)| respectively, Resulted In viral rep-: 
iicatton after transfection into human hepatoma ceil lines 
(Dash et M, 1997; Yoo "ef. aU 1995). In both of these : 
'studies, . infeaiyity Was .report for c.twes! that did not ; 
contain the terminal 98 ^ conserved nucleotides at the : 
; .very 3' end . of the 3' UTR. The^viability of these clones 
yiras nqt t^ were raised about;.: 

the infectMty ofrthese c0nX ; clones .: miy\^i^a\^ % 



■developed, weihaye b^uh:;to;:test directly the require^ 
ment for- this'.^ way :i : 

. : ;Since:the'n^ ampHfied In. long': 

:;R^PGR: ; a ^pilY^ were;abfe:te.:stSdy^ 

:t(ie|qUasis^^es ha^elpf the jcicaiing s6urce;ias -re : 't 
;|fie^^; by crtinear motions tinrqiighqut the HCV ge-.-- 
' nome, ;pur|ari^ . s^wed:. ^atjjhe quasts^le^of^ 
iHC^4l;foui^^th 

^least.ttirTO: : yire : and^m : ^.quasi^ in thet 

hHVRf i re§jwf <^;.HD/ pirajlel^gu^ mM]tipfev 
lo^erpTOitipns^ Itwasff^wiii^ 
^de^oi^a^ eaM ; i^impahzee im)cUiat^^%n % 
?^^^a^7^iasma i;^*;^ pM?'? 1 $ SW?) W^^M& 
r inifea^ w*^^d aAp 



170f 



§I?94j, : W^ 



• cies : to a single: dhin^anzee 6<xun^>Th^^^ 
of: :tlC-34 fwha ::ir> ^!acute-phase pop! rej^^med : 



iicl^rlyjHu^^ 



with - signified changes, throughout the HCV : jg^nome 
Can bi : present ; from the pnset . of the inferior)?. Infection : : 
of chimpanzees with moribcloriai viruses derived ■ from- 



mbfe : detailed, studies of the evolution of .HCV /Vr v/vt> and : 
its importance for viral persistence and i^thpgenesis. ; 

. In conclusion, we have constructed an Infectious 
clone representing a. genotype, lb strain of. HCV. Our 
study demonstrated that it was possible to - obtain an 
infectious clone of a second strain of HCV. that a . con-: 
sensus amino , acid sequence was not absolutely re- 
quired for infectivity, and that chimeras between .the 
UTRs of two different genotypes could be viable, the 
availability of an Infectious clone of a . second strain of 
HCV representing the most prevalent genotype in the 
world, should be important for further studies of viral 
replication and pathogenesis of HCV and should permit 
more detailed studies of the function of HCV proteins, 

MATERIALS AND METHODS 

Source of HCV genotype 1b ^ 

An infectious plasma pool {second chimpanzee pas- 
sage) containing?. strain HC-J4, genotype. 1b. was. pre- 
pared from acute phase plasma, of a chimpanzee exper- 
imentally infected/with serum; containing HC-J4/91 (OKa* 
moto et a/;,,1992b): The.HC^4/?1 supple was obtained 
from a firtt chimpanzee pas^ge'- during 1 the chronic; 
phase of hepatitis C . about 8year$:$l^:i^p^ 
infection, lithe consensus s^uenceVof the : ; entire ^ge- 
nome, except fbrthe very 3' : end,, was ^ determined pre^^ 
oUsly for-HC-J4/91 (Ol^moto ftaU 1992b), ^ 

Preparation of HCV RNA . . 

: : "iv Viral RNA "was; exacted Wm : lOC^iii ii|gi^;^tf«i* 
. : HC : J4 plasma pool : witiV the TRtzbl system (GIBC^BRL). . 
; : Tl^ RNA pellet^;;iv^ Irv.iO |U>W : 10j 

mKil dithlothreitol (OTT) with- 5% (vot/vcrt) RNasin (20-40: 



used "for 

A^^M^P 1 ! sn^.rcl6«fi}g of i||f |3 /: UTR 



^6fme3| : iy 

fa£^ v^s^ratufed at 65?.C for 2mi^ 

£DN&^ 



PGR was ^rforrted 2*LI ^ 

: ;^;;totai^ 

• m^raSe mix;(£fe an3 
: H3fk58R^r^gi g^t 1^;Jn rpu^of PGR 

.{Ir^rr^l ip^rri^^^ H3'X45R C^enagi et}aL 

1997)], Si j^ ^.the first round PGR mixture was added to 
45 pjcrfthe I^Rfe^ 9 f \ 

cycles) was pe^rmed^ 480 
(Perki^Elmer) ah<j consisted of dehatufatioh at 94?C for : 
1 min (first cycle: V min36s)/anneaiing at60fC for Trnia 
and elongation at 68°C for 2 mia After purification with. 
. QtAqiilck^RCRVp^ificatipn kit (QlAGEN)i digestion W]fth : 
: Hirti\\\ zn&xhal (Prom^ga), arid phenot/chlpr^yrn ex- 
traction, the amplified products were doned.intb pGEMr 
.92f{-) .(Promega) (Yanagi et al> 1997). I \. 

Amp WTcation and cloning of the entire ORF 

A region from.within the 5' UTR to the variable region . 
of the 3' UTR of strain HC-J4 was amplified by long 
RT-PCR (Fig. 1) (Yanagi et H. 1997). The cDNA was 
synthesized at 42°C.fof 1 h in a reaction volume 
with Superscript H Reverse transaiptase and primer J4- 
9405R (5*-GCCTATTGGCCTGGAGTGGTTAGCTC-30 and 
treated with RNases as above. The cDNA mixture (2, 
was amplified by long PGR with the Advantage cONA 
polymerase mix arid primers A1..(Bukh et at., 1992; Yanagi 
etaL 1997) and J4-9398R {5 f ~AGGATGG(£2fl£d&GCCT- 
GGAGTGGTTAGCTCCCCGTTCA-3') : Primer J4-9398R 
contained extra bases [italics) and an artificial Afftl cleav- 
age : site (underlined). A single PCR round was performed 
; In ,.a : Robocycler thamai : ,cycler (Stratagene); and. cchv : 
: iisted of denaturatipn at;99*C for 35 s; anneaiing at 67 °C 
for 30 s, and elongation ar68°C for 10>f(in during the first 
5 ; cy^les4lTmin during ^nextTp cycles; 12 min durir^: 
: =We^fdllo^rig' tO c^leshand 13 -thin during the last ,10 

^Cycles,.. . ■■ rM\l'.<:.\'i?S : -? 

j| Afterrwe? digested : the iiohg 'P^R ippducte? cfetain^d 



|^|(i^kKizom^r of Aflll) (Bc^hrir^r : ;Mam^ 
■ attempted to clonie them; directly ;i intb> a cassSette :: vector': 
(pC\0« wWch contatn^ tl^ 5* 8nd:3.- .%nlinipf : strai^^ 
(Yianagi et-aA' 1997).. : Ho^ } 
fulWength clones:; To improve, the e^cien^jc^ jc)oning 4 - 
vye : ;.^^lr : ^ 

; ih^ Mannh^ the two resujlant: genqmia 

fragments^L^ 

o^\8gM(BrfiM 8^^^8j^s^^|y inter j^^(Fig:^ 
■ Zil. DH5a-competent otIJs -|SiBQ^ 
[f iin^ : arS ■: 'sete^ed, «n* : LB -^ar^ pMes : ^i^jhi^ 



Jtures^at. SO 0 ^!^;;!^)^ 



dflhineJ 



INFEOTi^ 



iand niriejpiasrrto^^ |^W^ teM3:for;HC\^ : 

■sampte^^ a^y-^kh 

r^i^ Ware ctorte^ ir^;;^ ^fcrVbdnt^ by^frtingi : ) Wofd: serial djjtu^n^ :^;;|he exf ■ 

'fira^ tHe : ;tOTS€^^ : amiTO acid sei^u^ 

! c0f^:^V^J4I^S, pCVJ4USf -and pCVj4L6S) (Ftg: 2). : ; : : present in;: 
Lafge-scSie preparatibn of each clone was p&rfptvr^as;; 
described previously (Vanagf et aL i^^^^^^n^ 
tiqiy of eachjcfone wasicoi^rmed by ^qiierioa analysis, >. 

Sequence analysis : : ■ '[ 

. -:Bbth striWsjCf. DNA w^e sequw 

PRISM Dye Tenriinadon Cycle Sequencing Ready ReSc- 

lion Kit using, taq DNA : polymerase (Perklr^lmer) and : 

abbut 90 specific sense and ahtisense primers. Analyses 

of genomic sequencer including multiple sequ^ce 
: alignments and tree 'analyst, were performed "with" . 

GeneWorks (Oxford Molecular Group) (Bukh etaL, 1995V ■ 
v ; Vte determined the consensus sequence of strain . 

HC04 by direct sequencing of RCR products ;{nt 11-9412) 

and by sequence analysis of multiple cloned, L : and S 

fragments (nt 156-9371). The consensus sequence of the 

3'. UTR {the 3' variable region, the polypyrimidtne tract 

and the first 16 nt of the conserved, region) was dfeter-. 

mined by analysis of 24 cDNA clones, , 

i Intrahepatic transfection of a chimpanzee with : j; 
* transcribed RNA 

: . Two hi vitro transcription reactions were performed 

with each of the three fulMength clones. In each reaction 

10 jig crf piasmjd DN A . linearized with Xba\ (Promega) 
: was transcribed in a 1Q6-*juI reaction wiume with T7 RNA 

polymerase . (Promega) at 37°G for 2 h as described 

previously (Yanagi et al t 199/), Fjve-^ 

find! reaction mixture was analyzed Sy agarbse gej elec- 

trpphoresis and;;ethidium bromide staining (Fig; 1)<:; Each 
: trahsc^ijiion 'mixture 1 was dilut^'vwt^=4(p ; ^4''of ice*cold : 

phosphate-buffered saline without calcium.' or rnggne- 
: sium arxl: : theh; ithe isik> aliquotS:^ 

ddhe were combined;jmmi^ ^^yj^ 4 :an<ij 
./stored at|-80*G ; Within ; 24 h aft^r freezing the transfrip* 

tic^mixtL^s were injea^iirte^ 
; cu(&^ that -Was. guided : by : Uj:| 

.trasour^ 

tor sixi-shesj into a s^paratei area.oftith prevent:: 
• ;c wpiemgntetjon : of : rjecomhim^^-. t&el chim^niee •; 
£was main^ ait require- " 

\ ^izee^and :mbni|yed ' for|Mver = brizyme fe^sila^nel 

;;; : a^ 
|^GT);;a^ 



; HCV Monitor Testt(Roche Diagnostic Systems) {data not 
shown) were ^uiyaJjem to : th^i^cept^ weeks 2 t 17;; 
and IB p J^yu4iOTef''die : titers : , vwre below the ci^edion-. 
limit of the Amplicpr HCV ^ Monitor Test/! . 
. . To:ideritii^.SMtliclV]pf the.•th^ee.cipTOS^vMS infe^ic^s/7n; 
vtvowe amplified the NS3 region (k 3659-4110) from th£ 
chimpanzee serum- in a .highly; sensitive an^ specific, 
nested RT-PCR assay with Amplitaq Gold ON A polymer-*; 
ase and cfoned the PGR products witlra TA cloning kit. 
(Invitrogen); In addition, the consensus sequence of the 
' nearly complete genome (nt 11-9441) was determined by 
direct sequencing of overlapping PGR products. 
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: Note added in proof. Fallowing submission of this manuscript we 
found that chimpanzee was again positive for HCV RNA during 
weeks 21-24 pA. {viral titer < ICr 3 GE/mf). Thus we cannot delaine at 
this time wH^er the infection with the.c^lmeVtc recombinant lb virus ■ 
is chronic, : • " 
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